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Previewsof ciliogenesis when microtubules extend
to form the axoneme (Bershteyn et al.,
2010; Kim et al., 2010). Thus, c-Src-phos-
phorylated CTTN may generate actin
networks that physically block axoneme
outgrowth. MIM may influence CTTN
phosphorylation only near the basal
body to locally remodel actin networks
and permit ciliary growth. CTTN also
promotes some forms of endocytosis,
with phosphorylation enhancing its
binding to the endocytic adaptor CD2AP
(Ammer and Weed, 2008). Because
protein trafficking is essential for ciliogen-
esis, MIM-dependent regulation of phos-
pho-CTTN at the basal body may influ-
ence ciliogenesis via this process.
The study by Bershteyn et al. identifies
MIM as a switch that raises the cell’s
antenna. Broadly speaking, this switch is
multiplex in thatMIM lies at a nodeof intra-
cellular signals that regulate divergent
processes. On one circuit, MIM regulates190 Developmental Cell 19, August 17, 2010ciliary assembly and, by extension, Shh
signaling that programs pathways for
differentiation and morphogenesis. On
another, decreased MIM (or perhaps its
regulation by phosphorylation) tips the
balance toward signals that influence
cytoskeletal dynamics. Work from this
same laboratory has also placed MIM in
the middle of endocytic regulation, direct-
ing cell migration via a mechanism that
involves competitive protein-protein inter-
actions between MIM, CTTN, and CD2AP
(Quinones et al., 2010). In this regard, it is
interesting that Shh directs neuronal
growth cone steering and axon guidance
via a pathway that depends on c-Src
(Yam et al., 2009). MIM may locally regu-
late c-Src activation, actin filaments, or
endocytosis to orchestrate these migra-
tory behaviors as well. Future challenges
will be to identify howMIM regulates these
different signaling switches and to deter-
mine how many other circuits it controls.ª2010 Elsevier Inc.REFERENCES
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Many embryonic species are initially transcriptionally quiescent after fertilization. In this issue of Develop-
mental Cell, Blythe et al. reveal that b-catenin acts very early in Xenopus development to specifically modify
the chromatin of organizer genes, poising them for rapid activation when transcription begins.The midblastula transition (MBT) repre-
sents a critical stage in the early develop-
ment of many embryos, when zygotic
transcription first begins. By keeping
transcription quiescent for a period of
time after fertilization, the embryo first
becomes multicellular without new gene
expression. Then when transcription be-
gins at the MBT, many genes can be acti-
vated in discrete regions of the embryo
because their transcriptional activators
are restricted to a limited subset of cells.
A classic case of this involves the regula-
tion of the organizer genes in Xenopus
embryos. During oogenesis a set of
determinants are localized to the vegetal
pole (Figure 1). Upon fertilization, thedeterminants translocate to what will
become the future dorsal side of the
embryo, where the determinants stabilize
the transcription factor b-catenin (re-
viewed in Weaver and Kimelman, 2004).
Thus, with the onset of transcription at
the MBT, b-catenin-dependent genes
are activated in only one region of the
embryo, which will become Spemann’s
Organizer. The organizer in turn then
secretes a panoply of intercellular
signaling factors to regulate formation of
the embryonic axes.
Earlier evidence revealed that b-catenin
could be stabilized as early as the 16- to
32-cell stage (Larabell et al., 1997),
whereas the MBT does not occur untilthe 4000-cell stage in Xenopus, leaving
several hours during which the b-catenin
was presumed to be bound to DNA via
its DNA binding cofactor Tcf3 but unable
to initiate transcription. A challenge to
this view came from previous work of
the Klein group, which demonstrated
that two organizer genes, the nodal genes
Xnr5 and Xnr6, were transcribed at rela-
tively low levels on the future dorsal side
as early as the 256-cell stage in a b-cate-
nin-dependent process (Yang et al.,
2002). Whereas this could be viewed as
just leakiness of the pre-MBT transcrip-
tional inhibition system, the authors pre-
sented compelling evidence indicating
that the pre-MBT transcription mediated













Figure 1. Regulation of Organizer Gene Expression in the Early Xenopus Embryo
During oogenesis, determinants (red dots) are localized to the vegetal pole. Upon sperm entry, the deter-
minants localize to one side of the embryo. During the early cleavage stages, the determinants stabilize
b-catenin (green), providing a localized region of high b-catenin. b-catenin binds the DNA binding factor
Tcf (blue) and the methyl transferase Prmt2 (red), which methylates histone H3 in the promoters of orga-
nizer genes (Org). Together with additional chromatinmodifications and RNAPol II (not shown), this estab-
lishes the fully poised state. With the activation of transcription at the midblastula transition, the poised
organizer genes are immediately ready to begin transcription at a high level.
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Previewsby b-catenin is important for formation of
the embryonic axes.
In their current work (featured in this
issue of Developmental Cell), Blythe
et al. (2010) present a somewhat different
view of the role of b-catenin. The essen-
tial function of the early b-catenin is to
regulate the chromatin in the pre-MBT
embryo such that when transcription
begins, the organizer genes are immedi-
ately ready to be transcribed at a high
level. This is very important because
a large body of work has shown that the
organizer region is essentially fighting
a battle with the rest of the embryo, which
is working to suppress organizer gene
expression (reviewed in De Robertis,
2009). By gaining a head start on the
competition, the organizer thus ensures
its own survival.
Mechanistically, the authors show that
b-catenin recruits the protein arginine
methyltransferase Prmt2, which asym-
metrically dimethylates histone 3 arginine
8 (Figure 1). Together with additional
chromatin modifying activities and RNA
Pol II, this creates what the authors call
a ‘‘fully poised’’ state in which the b-cate-nin target genes of the organizer are ready
for transcription when the general
transcription block is released at the
MBT. Importantly, partial knockdown of
maternal prmt2 mRNA leads to a loss of
organizer gene expression and a ventral-
ized (i.e., loss of organizer) phenotype.
Curiously, inhibition of Prmt2 translation
with a morpholino oligonucleotide not
only inhibits organizer gene expression
but often precludes survival of the embryo
until the MBT stage, demonstrating that
Prmt2 is likely to do considerably more in
the embryo than just regulate the b-cate-
nin pathway.
In a clever experiment, the authors
attach Prmt2 to the Tcf-related factor
Lef1, which had the b-catenin binding
site removed. This fusion protein can
rescue organizer formation when ex-
pressed in b-catenin-depleted embryos,
demonstrating that b-catenin is dispens-
able as long as Prmt2 is recruited to the
promoter of organizer genes. This result
is surprising because b-catenin is known
to bind several transcriptional regulators
such as Pygopus and Bcl9 (reviewed in
Mosimann et al., 2009), which have beenDevelopmental Cell 19shown to be required for axis formation
in Xenopus (Belenkaya et al., 2002; Ken-
nedy et al., 2010). Whether these factors
are solely required to recruit Prmt2, or
whether they can be recruited to the
promoter independently of b-catenin
once Prmt2 modifies the chromatin,
remains for future analysis (see also
Mosimann et al., 2009).
This new work conflicts with the
previous claim from this group that b-cat-
enin is only needed to initiate a very early
(pre-MBT) transcription event in order to
establish the organizer (Yang et al.,
2002). Here, the authors argue that b-cat-
enin is needed to poise organizer genes
so that they can be transcribed at the
MBT. The likely reason for this discrep-
ancy is that whereas the earlier work
used pharmacological inhibitors of RNA
Pol II to temporally block transcription at
the early cleavage stages, here the
authors show that pharmacological inhibi-
tion of Pol II also blocks b-catenin-depen-
dent histone modification. Thus, addition
of Pol II inhibitors in the very early embryo
inhibits the establishment of the poised
state, which leads to alterations in the
transcription of b-catenin target genes at
the MBT (Blythe et al., 2010).
As a result of this finding, however, the
new work opens afresh the question of
whether the pre-MBT transcription of the
b-catenin target genes Xnr5 and Xnr6 is
important, or if it just represents minor
leakiness in the poised state. In addition,
this work raises the question of why orga-
nizer genes respond to maternal b-cate-
nin to establish a poised state, whereas
other genes are only activated after the
MBT by b-catenin stabilized in response
to zygotic Wnt signals. Finally, is b-cate-
nin/Prmt poising a unique mechanism to
deal with the special requirements of the
MBT, or is this a more general phenom-
enon in which b-catenin establishes
a poised state that is activated at later
times? Despite all the new questions, the
work ofBlythe et al. (2010) provides a clear
and important mechanistic insight into
how maternal b-catenin poises organizer
genes during the pre-MBT period so that
they can get off to a fast start when
zygotic transcription begins. Using similar
approaches, it will be interesting to see if
other genes are similarly poised in the
pre-MBT embryo, allowing them to enter
the fast lane at this major embryonic
transition., August 17, 2010 ª2010 Elsevier Inc. 191
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How mitotic cell fate is regulated in the developing mammalian CNS is an important but largely unanswered
question. Recently reporting in Neuron, Godin et al. showed that Huntingtin, the protein mutated in Hunting-
ton’s disease, is required for both cerebral cortical neurogenesis and mitotic spindle function in neural
progenitors.Mitotic divisions of cells in culture simply
multiply the cell number, whereas cell
divisions in embryonic development not
only determine tissue mass but also
promote cell differentiation and generate
hierarchical tissue structures. One of
the key mechanisms by which stem or
progenitor cells produce differentiated
cells is through asymmetric cell division,
a process through which a progenitor
cell gives rise to two daughter cells that
are different in size, shape, protein
content, and developmental potentials.
In the developing cerebral cortex, neural
progenitors can potentially undergo both
symmetric and asymmetric divisions.
Whereas symmetric divisions expand the
progenitor pool, asymmetric divisions
generate cortical neurons of extraordinary
diversity. Regulating the pattern of mitotic
decisions is essential for controlling
neuronal birth date, identity, final destina-
tion, and function. It is therefore consid-
ered one of the most important mecha-
nisms that control cerebral cortical size
and neuronal organization.
For apical-basally polarized neural pro-
genitors, one possible way to achieve
asymmetric division, and thus asym-metric segregation of cell fate determi-
nants, is by modulating the orientation of
the mitotic spindle. Indeed, studies of
neuroblasts in Drosophila have shown
that the fate of daughter cells can be pre-
dicted by the orientation of the mitotic
spindle (Knoblich, 2008). However,
whether spindle orientation similarly regu-
lates mitotic cell fate in the mammalian
brain remains controversial. Early fluores-
cence time-lapse imaging studies sug-
gested that neurogenic divisions in the
mammalian developing cerebral cortex
are also achieved by ‘‘apical-basal’’
mitotic cleavages as observed in fly neu-
roblasts (Chenn and McConnell, 1995).
Although later work showed that mitotic
cleavage plane does not always pre-
dict cell fate, apical-basal cleavages did
increase from early to mid phase of
cortical neurogenesis (Haydar et al.,
2003). In contrast, recent analyses of
mice lacking Lgn, a protein known to be
a G protein modulator, showed that the
control of mitotic spindle orientation was
not sufficient to determine daughter cell
fate (Konno et al., 2008). The loss of Lgn
resulted in randomized mitotic spindles
but did not significantly affect overallcortical neurogenesis. It was unclear
whether this was due to compensations
for compound defects as a result of Lgn
deficiency. However, several other lines
of evidence still suggest a strong correla-
tion between altered spindle orientation
and neurogenic pattern. For example,
multiple proteins known to be indispensi-
ble for normal human or mammalian brain
functions have been found to play roles
in coordinating mitotic spindle orientation
and asymmetric neurogenic divisions.
These factors include LIS1, whose hap-
loinsuffciency causes lissencephaly
(smooth brain), Nde1, a cerebral cortical
partner of LIS1, and ASPM, recessive
mutations inwhich results inmicrocephaly
(small brain) (Feng and Walsh, 2004; Fish
et al., 2006; Yingling et al., 2008). In a
recently published study inNeuron, Godin
et al. (2010) now add Hungtingtin (htt) to
this list.
Huntingtin is a large cytoplasmic pro-
tein encoded by the gene that is mutated
by an expansion of CAG repeats in
Huntington’s disease (HD), a dominantly
inherited neurodegenerative disorder.
While the increased CAG repeats in HTT
lead to neuronal death in specific areas
